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Abstract: The diagnosis and early intervention of mild cognitive impairment (MCI) is important due to the lack of effective
treatments for Alzheimer’s disease (AD). Recently, researchers mostly focus on feature extraction and use traditional
machine learning methods for recognition, which have unsatisfied results. Therefore, this paper goes to improve the
performance of system from both feature and model perspectives. In terms of feature, we propose articulation and
prolongation features and combine them with log-Mel spectrum features extracted with different parameters for AD and
MCI recognition. In terms of model, we use neural networks to highlight the locally salient features of long audio and then
model the global relations. In the Alzheimer's disease recognition competition, the proposed model outperforms the baseline
model by about 4%-5% in all criteria, which demonstrates the effectiveness of our proposed method.
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FT AT €2019 AR DAEMS THR D, Bl 2R SHEBE A AR AR AEAL 1 2000 46 28 2019 -+ K SE ]
Z—. HHEl, &ERZIA 5000 /3 NEAFT/RIGHFERAE, AR 3 FoRia — AN Bk wifl . o R /R 240 3R
i BT 1500 77, NBUSRAERE AL BEE N DZEL IR, BT /R 22 B R 5 AT TEM . &
SRR IR 22 BORE — Bz i o idia &, (HAn R e LRI AT, RS 4bT MCT B B /R BRI, Jf R 5
1BIT, AR WO AESTE KR . DI, dndfer S A MCI B BUR S A 1A FE I B R

AN, B -JEMFEE M tau & H 21 FRRZEHEERAE £ R A . B -JEMmFEE B tau TEH—
HERE, MW REARIAMME T g XEEOY JE R HARE 7, RBOUWZ4E, HhRik#
Wi P DX 33 (5 2 ¥ Ak o g A0 NRIE OB R R, BN TTR IR A O . NI IR SR, &
FE S AR ) R, MELAREIGIE MRTR KIS, I FEHI0E S AR IS L. R 82 S5
[EARNE, (Wi KA, JEE I EZIR . BEEWR IS R — PN, BERREREINE, JiiE2EA
FHREL. IXESASAERH B, B A ESE R MCL 5 AD £3% BN TRE

AHEEHARARLRS, BT B R R 22 BR R A RE R i P FE e e, (Rt D AR 7 — e plmt . Sk
U315 W 268 T BA) 7R 24 W BRORE 15 3 00 2, O HESX — STk it FE 5 £ 1 (R o SCHRI-0145 220K B S I
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TRl /R 2 BRRE TR 5 s SCRIR IS & VOB 1] ] 1 RS N AR BT R 28 W BRRE IR A1, R AR /R 24 18 BRE
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Bayers, NB) Fl Adaboost 5% FlIBa /R 25 BRAE . [FIIF, A —SOliE % 530K & I 2 S FI0-123%
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Fig.1 The framework of the proposed AD recognition model
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FH 198 WS Jy 0 32 3B R AL , B4 29 2 U] K e 1247, 9 265 1131 ( Bi-directional long short-term memory, Bi-LSTM)
DL — MR BEFE EBCEEAE . 2R R REBRAKEE Transformer!'15 g K-"F#4ith 4k, (Max-average pooling,
MAP) RSEI. ol —A~ P JZ 235 2 00 B 7 SR8 R A R IR e 4 TN &5 2R o AE 3 R I/ NS
B, ASCE R REAGRBIMRRE, BIRTEAEN AR N A 508 R AR DL K 4 R Ok R V2,
B JE A A SAE FH ) 22 BRI R 5 7
2.1 FHERE
2,11 SEHE/RIERHE

NE W B & S K-S SEBR I 5 AR AN BRI R ME/RUEE T R, fEiE s LRt b, %
ISR M R FF 22 (Hz) ZIBEEE 3 NMRZIE (Mel) o X IECH R S AAEFEROSN, 15 R — SR 1)
A, HEeRa TSN NHEEREN S0 2 AP b S s e s ok — DA st Btk 8
TH M RIER A, IR AR ISR EIE b, RIS 20 /R B RRAE . N HXS A 5 i R AN 2
Selely, ZATEERIMG, AR RN E LA R N R I 2 I ReE. I, ARSON SR IR SRR
TEMONHCOE 5, 15 2160 Bk /R BRI

TESERUH /R SRR, 75 B AT F A L A4t . FEARHRINy, Mt 0 RO, 1B B R i %6 43
ek S, AHN BRI R] 3 2R = B D 1 78 0 I B AR A 5 I I8UE S, A milR 512 5 1024
R, PRI BOE IR PRI AS [E] 0 2R R R . Forb, 512 B K ERIUH N B /R UG RHE (Hg /R 3
D) FE SRR, BeIE 2 S BRI (] B AR AR . 1024 K IR B RS RAAE (i
IR 20 EEEIEAURRE, BEIE WA S IE IR R o A G 05 o (RIS PR A [R] 43 1% 22 1Ko g 7K
TEARFAESEAT PN, BESE A A E A IR S ARG B, Rm RARTERE . FETRBON Bk /R FFAERT,
iR B & H BB, MRIER SRR IEE RE NS A EKE r 22—
2.1.2 WIEBMWEFIESESHHE
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KT 0 % 2 0 (BRI Y TE S5 RN 2o X8 — 2, BUE A A % 40 ZR S ST SN B
X TAF— AN BB AT (4 LA e, i A 40 =40, Wik 20 =280, 15218 — AN B E
i ] ¥ 22 A Bark JE A8 AR HAEG B BT IR, 155 22 A Bark 17 BEEAE i S S/ NBURRFAE .
FiAl, AU — /N BB I 12 4EH KRB 5350 (Mel-frequency cepstral coefficients, MFCC)
JH 12 R —B 2505 12 4EF =B 20 FFE, 3445 36 4Ef MFCC H#fE. 454 22 4E/) Bark Ty BER4F
fiE, 3t 58 4. R E AR UOTE T AR 0 /NBCE S I B HE SR IR AR 4 BRI (AL P AR — kS, TR R 0
BV TETE T B RAE . [FI3E, A AR ULIE 25 /D B B R RV RHAEPHAE — S, M UE B A
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2.2.1 ETHHESLER) Bi-LSTM 4REY

KRG RN T EL R — 8, JB T RIEST R KA. R EEKE ST 25, A
FIEdEER, UK ER, PEER WM. Fit, EXKIE S TR EfES, AR e
PVRHIELERS (8] P91 EdEAT o041, B — AN N REARR K S 5 — N R e . BT — K
B RN R G . B a il Bi-LSTM W& —ANNHRHER AT 2], B Bi-LSTM & J5 — A %1 1%
HAENZ RS ER R . W RHER 241 Bi-LSTM HI%42], Al PLik REuKiEH R /Rt T 78
SRR, TR ORORPRC TR E R S EE, RIS IR .
2.2.2 BEIEMWH
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LX) NGRS I, ASCRE R BESI], B2 B SRS RN L
TRELE,  MMTZE AN AN 7 BEAS [ B

R EMARFIEX € R, HAP O EFIKIE, dip ARIARHEYERE . B RAE2 4. Bi-LSTM
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1 B S AR AT R D IR

Xy = BILSTM(group(X)) (D)

e=X,xXXJ 2)
_exp(ey)

Aij = Z}ll exp(e;j) 3

Xy =axX, (4)

b, group()FR AR HEEE, TERRHMENEZE, AT softmax BREIEE N 0 2] 1 2 HHHEFE
BEREME, X, € RO HFEBENLH MR 8 [ LSRR F 3050 WA 5] R S AR E 2 8] i) B 2
P, FER T ASEIRACE, AT IR H B2 B R SRR AL
2.3 ET Transformer HERBXRER
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BB 2% N Transformer $EHEAEA TR . 2 kiER JIHLHI 2 Transformer %05, B 2 AR 2@
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BENEE D Hattn. HirFOEFE TR R

W = softmax (3%) (5)
attn=W xV (6)

Hr, do BB . T2 I0ER AN, KE—ASKREE D PHEE &, REA
N, BRRANRH . Ri%attn 2 SLBER I, SILRELEOREM, £kiER ML
il TR E AR

A = concat(attny, attn,, attns ...attny)W, @)

Hr, W, R8N ER ) S, AR Z kIR IINUG B4 o Transformer B AASEIL 511
AR 275 5o, AL AT ROA .
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threshold = topk(S) @)

_ (0, §; < threshold
Smask = { 1, S; = threshold 1o
Ssum = Sum(Smask * Xrrans) (1n

H, Trans(:)fX3F& Transformer 544, sum()CHERFM, topk(HWMCERMEE k K1E. Xrpqns € RI%%,
S € RI*Y, Spask € RIY, «ARRIEFENIN AT BAHTE, Seum € RN AT AR HH -
2.4 FHERRS

FHIERA 7 S N Rl FIELS (Barly fusion) S5BHRES (Late fusion). A& FETE4RE
T2 I R AR AT RS, REfE S RO SIRHEC AN S BAR B, RS IR SR . MR & — K
TRRKAEAE R R ZBGR SRR E RS, #RVER R, BEREERGR .. AR SCSe A R SE R R gk AT 5 ol
&, BRI FESER I RFE AT MR & . BRI 1 Box, Aol /RIS R R4 1S & B I Bi-LSTM,
HEEACEIBUE AN, BT IR S . R, T R IE S S 5 AR A AR [R] A A B AT IR & . DY
P B RHE L I B RS S5 T O B RHIE . X P ERRFIEL I % H () Transformer. MAP AL S AT AH N, 58
B IRE S, SO — RS RHIE . KRS R SR E N 0, 19 2R A TN £

3 {HEE

3.1 ZWHERRE

AT B E R 2 B bE ST SR KB . S04 AN AD L MCI A IE R A (Healthy control, HC)
HEREE, WA NE Rt a4 5. S KA 108, 3Lt 280 FIZ R, 119 ZFIMHLEL
. BT EIIFARMIS USRI T, AR SR T PR AE SCRTE SR o 25— Fh S RE A2 5 280 2% Il 25
AT BENL AT 28 XS E (Corss-validation, CV) XI5 SRT, FENLLI 532348 7] —d 1 A 25 550 [ ) 1 20
FENNGEMIGUESE, SEUE NS Blttiz . Bk, AT Mg, ZRIEUE AR IIgES
uEsE, BAORE — N UiE NS A e — NN, TR RS NS ) =458 SCRIER) 7 o B
REF T AT IPERER IR . 458 5 IR AE U AP A2 S TE SR BE BT Re R I, Pt bS8k E,
I AN GEAR AT NG, 2 m A0 BEATE R b i, 152055380 MiAa 3 .

AIHET PyTroch # AR . Bi-LSTM 240N 1, FRERJZE4EEN 128, Transformer 240N 2, B
BLEF1 (Dropout) MEZE &N 0.5 LM G . MAP i k 5B N 50%, RIEE4m AT 50%
PV RAB ATk . B KOy 512 FEBCH R0 Hoig /R iR AE RFAE4E T /2 128, Ky 1024 FRIUGH R
HVRFAEZEFE W& 256 T5 I BERHIE 5 48 & RF A FIRFAE4E RS A2 58 P/ X i /R BB RFAE AR I 1] 7 51 = ~F 35 7
180 4H, EMTRERFAE S A H RFAEAE I (8] F7 81 _E~P38 90 50 4. AR SR R m AR 3R B SR A 2 8

N7 REBEM Iz AR ), AT T AR 98T 2 mixupl!7, copypastel!$l. K Y 5 T )
FEAN-H 0] 22 i 307181, JeAASHEAT 3R « IR (Accuracy ) BX#EZ (Precision). # [A]% (Recall rate)
A F1 AR E AR PP HE A5 -
3.2 EWHERSHH

9T ISR 22 REAE A N ABE AR [ 1 b DA R B IE T T AR A 5 A B R AR (R A R, AR SO SEAE YT A ST
B =7 A8 EE R E T AT T iERECES, SRR 1 PR XTHER 1R REr =47, fTCUEH, FREHA
(] 53 HE 2 (1 X6 B 7R B R AE B S U FH — i 0 R 3R (1 0 O /R SRR AR AR L 4 . X PR 88 = AT 585 D04 T AT
PLE H, 0 b3 R E 5 28 B A S Re LR A B Pt Re st — 2D 4R, IR B T IS R SRR A AR

T AEULTE AL B =37 28 IR UE T R VA il 5o 0e:

Tab.1 Ablation studise in speaker-independent 3-folds cross-validation

REAIE Accuracy Precision Recall rate F1
MR 1 0.710 0.728 0.714 0.712
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ME/R T 2 0.715 0.736 0.724 0.721
ME/RBE 1+M5 /R 3 2 0.731 0.758 0.731 0.728
MR BE 14 /R B 24775 7 P U85 HE+ 4 545 4E 0.743 0.766 0.740 0.731

PEA S R RN ml, S5HE 1 Fios. 75 ml Bl BB 0, A8 R A0 Bk /R B Ak
HIEHRHE, LR RS, (UE GRS = 2l E BT 696, BB m2. mixup 5
copypaste ZHEI 58 7 A A N AR ml 5 m2 . B, ml+mixup FonfdH mixup FdfE 155 5 =01
G ml. AT PIRE RGN, RN AR S B, AU T 2 PR T &
Ensemble. A1, RREUFHIFERKL T S ml+mixup 5 m2+copypaste [IEE, ASANERIEZER TR T
FIPERER I . 3R 2 TN 3 43 25 th 7 AEAS A28 AR SIS T BP0 46 ST L

MR 2 FIZE 3 AT LUE H, Toiad T AL AE XGRS & B0l ARSI = 3728 SCIGIE, ASCHEH T
%, #HCE IR AL IEAE Baseline B4 . JUHEAE ULIE AL B =438 IR T, AR H AR SR
Fr L #F L Baseline 155 20%A Lo TAE FLATREALAE XIRUE T, BEAMERE S m &, A SCHRRH N ITEE S
Fekr I EE Baseline & 5%/E 4

F 2  RATHENLAS SRS AT L

Tab.2 Comparision results in randomly split 5-folds cross-validation

iRt Accuracy Precision Recall rate F1
Baseline (SVM) 0.846 0.856 0.846 0.845
Ours (m1) 0.903 0.911 0.905 0.904
Ours (m1+mixup) 0.893 0.901 0.896 0.891
Ours (m1+copypaste) 0.875 0.886 0.880 0.875
Ours (m2) 0.875 0.877 0.878 0.873
Ours (m2+mixup) 0.875 0.881 0.879 0.875
Ours (m2+copypaste) 0.879 0.888 0.882 0.879
Ours (Ensemble) 0.875 0.885 0.879 0.875

3 UIE N =37 28 IR IESS RXT L

Tab.3 Comparision results in speaker-independent 3-folds cross-validation

LAY Accuracy Precision Recall rate F1
Baseline (SVM) 0.598 0.589 0.576 0.518
Ours (m1) 0.743 0.766 0.740 0.731
Ours (m1+mixup) 0.747 0.779 0.740 0.729
Ours (m1+copypaste) 0.749 0.764 0.745 0.736
Ours (m2) 0.813 0.822 0.806 0.814
Ours (m2+mixup) 0.820 0.824 0.819 0.818
Ours (m2+copypaste) 0.801 0.818 0.800 0.796
Ours (Ensemble) 0.792 0.807 0.790 0.781

IRZHINNRGE RUNZR 4 Pros. ASCHbik 7P MEREAT IR, 22 %)/2 ml+mixup 5 Ensemble. {45
REIR, ARSI MBATE &/ MBS L L Baseline 7 4%-5%, 1EB T A SCATHE H B A R o
K4 ML

Tab.4 Comparision results in test dataset

R Accuracy Precision Recall rate F1
Baseline (SVM) 0.798 0.799 0.785 0.786
Ours (m1+mixup) 0.824 0.821 0.808 0.809
Ours (Ensemble) 0.840 0.847 0.841 0.838
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